The decline in testosterone with age has been associated with specific physical changes that affect quality of life and life expectancy, although a cause-and-effect relationship is yet to be established. While female menopause is rapid and well described, "male menopause" or androgen decline in older men is gradual and marked by nonspecific symptoms. This makes diagnosis of true testosterone deficiency and prediction of response to testosterone replacement therapy (TRT) challenging. This article reviews androgen decline in men, focusing on those over age 40, and covers symptoms, indications, contraindications, diagnosis, treatments, and the risks and benefits of treatment.
A s men age, testosterone production gradually decreases. In our increasingly aged population, clinicians will continue to see an increase in the number of men with seemingly nonspecific symptoms of aging that are possibly due to low serum testosterone (eg, low energy level, depressive symptoms, erectile dysfunction, decreased libido). These clinical symptoms, coupled with low serum testosterone, may adversely affect quality of life and life expectancy. Testosterone replacement therapy (TRT) may improve symptoms and quality of life. Given the nonspecific nature of these symptoms, accurate diagnosis and treatment of clinically significant low testosterone with a goal of symptom and quality of life improvement can prove challenging.
These challenges in diagnosis and treatment result in a lack of standardized nomenclature. The terms male menopause and andropause, although popular, are the least helpful, as they have few correlates with the betterdefined female menopause. Late-onset hypogonadism implies a well-defined, later age of decline, which is inaccurate since the decline in serum testosterone in men begins in middle age and is gradual. Testosterone deficiency syndrome implies a set of specific and well-defined symptoms. Androgen deficiency in the aging male (ADAM) and Androgen deficiency in the older male are common terms specifying an age cohort (> 40 years old) and an abnormal laboratory value without mention of symptoms. While all these terms have their limitations, we will primarily use ADAM in this discussion.
■ PREVALENCE OF LOW TESTOSTERONE
Serum testosterone levels begin to decline in men in their mid-40s, with an approximately 1% to 2% decline annually and a marked decline after age 60. 1 Araujo and colleagues 2 studied the prevalence of androgen-deficient men, with androgen deficiency defined as at least three signs or symptoms and either a total testosterone less than 200 ng/dL or a total testosterone 200 ng/ dL to 400 ng/dL with a free testosterone less than 8.91 ng/dL. The overall prevalence of low testosterone on initial measurement was 6%, which doubled to 12% with repeat measurement.
Serial measures are important: one study that followed untreated men over 15 years found normal testosterone on serial measures in 50%. 3 In a multicenter cross-sectional study, 11.8% of men had low testosterone and low or normal luteinizing hormone (LH) levels (secondary hypogonadism/hypothalamic-pituitary failure), with 2% of patients with low testosterone and elevated LH (primary hypogonadism/testicular failure). 4 
■ CLINICAL PRESENTATION AND DIAGNOSIS
A biochemical diagnosis of low testosterone is dependent on accurate measurement. Testosterone release is diurnal, with the highest levels in the early morning, and often has week-to-week variability. Thus, it is important to collect blood in the early morning and to confirm a diagnosis of low testosterone with at least one repeat measurement several days later, including LH assessment. LH levels will help differentiate primary hypogonadism from secondary hypogonadism, which may alter diagnosis and treatment in certain patients, with secondary hypogonadism associated with pituitary dysfunction, and primary hypogonadism associated with aging. 4 Testosterone binds in the bloodstream to sex hormone-binding globulin (SHBG), and this bound form is generally considered biologically inactive, although there are in vitro and animal studies suggesting SHBG-bound androgen may indeed have biological activity. 5, 6 "Bioavailable" testosterone is active and includes both free testosterone and testosterone bound to albumin.
There is no general agreement on the acceptable normal range of testosterone, with variability within the literature and between laboratories. "Normal" total testosterone levels have ranged from more than 280 ng/dL to more than 350 ng/dL (12 nmol/L). 7, 8 Similarly, there is no generally accepted lower limit of normal, although some studies report a threshold level of testosterone less than 230 ng/dL (8 nmol/L) as "abnormal." Values between these two upper and lower limits are considered "borderline." 7, 8 These intermediate or borderline values coupled with clinical symptoms of testosterone deficiency syndrome or ADAM should be considered abnormal.
When total testosterone is borderline, measurement of free or bioavailable testosterone (free plus albumin-bound) should be considered. Total testosterone is typically measured using automated immunoassay platforms, with method-related differences leading to significant variability in measurement accuracy and precision. This variability is seen most dramatically in those with low total testosterone. 9 However, the variability of total testosterone measurements is substantially smaller among mass spectrometry assays than among immunoassays. 10 The gold standards for free testosterone measurement are centrifugal ultrafiltration and equilibrium dialysis. 9 However, these techniques are laborious and usually unavailable in local laboratories. Calculated free testosterone values using total testosterone and SHBG are most commonly used and are sufficiently accurate for clinical practice.
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Free testosterone levels can be diagnostic when total testosterone levels do not correspond with clinical presentation. However, the clinical utility of free testosterone is difficult to assess due to the variability among laboratory assays and a lack of consensus on threshold parameters. A threshold free tesTestosterone release is diurnal, with the highest levels in the early morning tosterone level of more than 225 pmol/L (65 pg/mL) is generally considered normal. 7, 8 Before starting a patient on TRT, measurement of hemoglobin and prostate-specific antigen (PSA) and digital rectal examination of the prostate (if age is > 39) are essential.
Prolactin levels are recommended when low testosterone is confirmed, especially in patients at high clinical risk for hyperprolactinemia. Once hyperprolactinemia is identified, Endocrine Society guidelines recommend excluding medication use, renal failure, hypothyroidism, and parasellar tumors as possible causes of elevated prolactin levels. 12 Low testosterone values should be treated only in patients with clinically significant symptoms that are likely to be caused by the low testosterone itself. Symptoms associated with age-related decline in testosterone that may improve with TRT include low libido, 13, 14 low energy, 14 depressed mood, [15] [16] [17] low muscle mass, osteoporosis, and hot flashes. Men with erectile dysfunction have also shown a significant improvement with TRT compared with placebo, but with a variable overall response independent of normalization of testosterone. 18, 19 This is likely due to the multifactorial nature of erectile dysfunction, including vascular, neurologic, psychogenic, and endocrinologic causes.
Screening questionnaires have been developed for symptoms of low testosterone, but their clinical utility is unclear. The ADAM questionnaire is used as a screening tool for low testosterone but not to monitor response to TRT, and it is highly nonspecific. 20 The Aging Male Symptom Scale questionnaire includes psychological, somatovegetative, and sexual components and is used both to screen for low testosterone and to measure outcomes. 21 However, a recent observational study comparing the ability of these questionnaires to assess clinical symptoms revealed a low sensitivity and a low specificity to detect androgen deficiency in men with a total testosterone level less than 300 ng/dL. 22 Overall, the current data do not conclusively support the use of hypogonadism questionnaires for screening.
The patient history when evaluating for ADAM should include evaluation of sexual and constitutional symptoms as described above and in TABLE 1. In addition, a history of traumatic, medical, or surgical events that could affect testosterone production should be obtained, including cryptorchidism, scrotal, inguinal, or abdominal surgery, pituitary surgery or radiation, prior issues with infertility, timing of puberty, history of renal or hepatic failure, chemotherapy (for cancer or autoimmune diseases), and prior use of anabolic steroids or opiates.
A complete physical examination should include assessment of virilization, gynecomastia, and the genitalia, including the size, position, and volume of the testes. The size and consistency of the prostate should be assessed on digital rectal examination.
■ LOW TESTOSTERONE AND ASSOCIATED COMORBIDITIES
Low testosterone is associated with many comorbidities, including metabolic syndrome, depression, type 2 diabetes mellitus, and cardiovascular disease, as discussed later in this section. Low testosterone has also shown associations with osteoporosis, cognitive impairment, hypertension, hyperlipidemia, decreased physical performance, end-stage renal disease, and treatment with steroids or opiates. [23] [24] [25] [26] However, the studies that found these associations included men younger than 40 years and may not be fully applicable to the ADAM population. The association of metabolic syndrome and type 2 diabetes mellitus with low testosterone is well established in multiple studies. Grossman and colleagues 27 investigated the association of type 2 diabetes mellitus and low testosterone, with low total testosterone defined as below 10 nmol/L and low calculated free testosterone less than 0.23 nmol/L. The prevalence of low total testosterone was 43%, and the prevalence of low free testosterone was 57%. In addition, a recent meta-analysis comparing total testosterone of men with and without metabolic syndrome revealed an association between a baseline decrease in mean total and free testosterone levels in men with metabolic syndrome compared with controls. This study found a total testosterone mean difference of -2.64 nmol/L (95% confidence interval [CI] -2.95 to -2.32) and a free testosterone mean difference of -0.26 pmol/L (95% CI -0.39 to -0.13), respectively, when comparing men with metabolic syndrome against those without.
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Testosterone has also been suggested to be protective against type 2 diabetes mellitus, with 42% lower risk of type 2 diabetes mellitus in men with testosterone levels ranging from 450 ng/dL to 605 ng/dL. 29 Obesity has been specifically linked with secondary hypogonadism. 4, 23, 24 A prospective cohort of 58 men with an average age of 46 years and a body mass index ranging from 30 to 45 kg/m 2 were monitored on a low-calorie diet for 9 weeks. Afterward, biochemical analysis revealed an increase in free testosterone from 185 pmol/L ± 66 to 208 ± 70 pmol/L (P = .002) with a mean weight loss of 16.3 kg ± 4.5 kg. 30 This emphasizes the importance of lifestyle changes in the management of hypogonadal men.
■ LOW TESTOSTERONE AND ThE OVERALL MORTALITY RATE
Low testosterone is associated unfavorably with the rate of all-cause mortality. A retrospective study in male veterans over age 40 with repeated testosterone levels over a 5-year period found that the risk of death from all causes in men with normal testosterone (> 250 ng/dL or free testosterone > 0.75 ng/dL) was 20% (95% CI 16.2%-241%) vs 35% (95% CI 28.5%-41.4%) in men with low testosterone (< 250 ng/dL or free testosterone < 0.75 ng/ dL). In multivariate analysis, men with testosterone less than 250 ng/dL (< 8.7 nmol/L) or free testosterone less than 0.75 ng/dL (< 0.03 nmol/L) had up to an 88% higher death rate than men with normal testosterone levels. 31 Low testosterone has also been associated with other end-organ, disease-specific mortality. In men with end-stage renal disease, low testosterone was an independent predictor of death from all causes and from cardiovascular disease. 32 A prospective European health study revealed an association between low testosterone and increased risk of death from cardiovascular disease and cancer. 33 A recent meta-analysis of population-based studies confirmed this association, despite significant interstudy heterogeneity. 34 Although multiple studies show an independent association of low testosterone and increased mortality rate, causality remains unconfirmed. This may be difficult to prove, given the available study designs and the nonspecific nature of symptoms related to low testosterone and potentially associated comorbidities.
■ TRT: INDICATIONS AND CONTRAINDICATIONS
The indications, benefits, and risks of TRT are controversial, with current data lacking longterm follow-up and consistent biochemical target values. Treatment of low testosterone is not indicated at the present time in the absence of clinical symptoms. According to recently published guidelines, TRT is recommended for symptomatic men with low or borderline total testosterone or free testosterone (< 350 ng/dL or < 65 pg/ mL). 7, 8 Patients with borderline biochemical values (total testosterone 200-350 ng/dL, free testosterone 40-65 pg/mL) and possible related symptoms should be treated with TRT for at least 3 months and then reevaluated to verify improved testosterone levels and to assess for symptom amelioration or resolution. 35 Dose escalation is recommended in patients with subtherapeutic testosterone levels and limited clinical improvement after 3 months of treatment.
Target maintenance testosterone levels Luteinizing hormone measurement helps differentiate primary from secondary hypogonadism
have not been defined, with mid to lower young adult male serum testosterone levels recommended at this time. 8 Given that the current literature does not specify a target testosterone replacement range, we recommend monitoring the clinical response along with total testosterone to decide adjustments in TRT. Ultimately, treatment goals of TRT should be the resolution of signs and symptoms, including improvement of sexual function, libido, and preservation of bone mineral density. The role of TRT in prostate cancer remains controversial (see below) and remains contraindicated in recent Endocrine Society clinical practice guidelines. 7 Guidelines recommend urologic consultation prior to initiation of TRT in patients at increased risk of prostate cancer, 7 based on age, race, family history, PSA, PSA velocity, and history of prostate biopsy.
One prominent historic concern about androgen replacement therapy regards the potential for de novo development of prostate cancer. Numerous studies have failed to find elevated risk of new diagnosis, progression, or recurrence of prostate cancer in patients on TRT. 36, 37 Nevertheless, patients who develop elevated PSA, increased PSA velocity, or an abnormal digital rectal examination while on TRT should undergo prostate biopsy.
■ TRT FORMULATIONS AND TREATMENT OPTIONS
A number of effective formulations of TRT are available ( States and is given every 2 to 3 weeks. It is the least expensive form of TRT, but it requires frequent administration (by either the clinical practitioner or the patient himself). Testosterone cypionate injections lead to markedly wide swings of testosterone levels, ranging from supraphysiologic levels for a few days after administration to hypogonadal levels before the next injection. This may be mitigated by more-frequent injections. The longer-acting form testosterone undecanoate is available outside the United States and is given every 12 weeks when stable levels are reached.
The other parenteral option is SQ slowrelease pellets (Testopel). These pellets have 75 mg of testosterone. Typically 8 to 14 pellets are placed subcutaneously in the buttock area, which will provide coverage for 3 to 6 months. 38 The insertion procedure is simple with a short learning curve, limited compliance issues, and elimination of risk of transdermal transmission of drug to others. Disadvantages include wound infection and pellet extrusion, seen in 0.3% to 12% of patients in various studies. 38 Another route of TRT is transdermal, including patches, liquids, and gels. Patches are applied daily and are rotated to different sites with minimal risk for skin transmission to others, although use may be limited by site dermatitis. Three hydro-alcoholic gel formulations are currently available in the United States: Androgel (1% or 1.62%), which is applied to the chest or the shoulders; Testim 1%, which is applied to the shoulders; and Fortesta (2%), which is applied to the thighs. A liquid preparation, Axiron, is applied to the axillae. Because secondary transfer to women and children is possible, it is important to thoroughly wash hands after application and to cover the treated skin with clothing. In 3 to 4 hours, all the medication is absorbed, and the area should then be washed before direct skin contact with others (TABLE 2).
Evidence that testosterone replacement therapy improves sexual function varies
■ MONITORING PATIENTS ON TRT
Patients starting TRT will require clinical and biochemical monitoring to evaluate response to therapy as well as possible side effects. The first set of laboratory values should be obtained 6 to 12 weeks after initiation of therapy and then typically quarterly for 1 year, every 6 months for the second year, and annually thereafter. Laboratory values monitored should include total testosterone, PSA, and hematocrit.
Men on daily therapy (patch, gel, liquid) should have testosterone drawn approximately 2 hours after application. Current TRT regimen data lack an appropriate target testosterone value, and guidelines suggest a mid to lower young adult male testosterone level. 8 Since this is not clearly delineated in the current literature, the authors recommend monitoring clinical symptoms along with testosterone levels when adjusting TRT. It is important to document that serum testosterone was actually increased to the normal range in treated men without clinical improvement.
A rise in PSA of up to 24% would be an acceptable response in a benign prostate gland, but a higher increase or increase above 4.0 ng/ dL should prompt consideration of prostate biopsy. 39 Similarly, hemoglobin and hematocrit typically increase, but a hematocrit greater than 55% should prompt dose reduction or cessation. 7 Transaminases do not need routine monitoring during parenteral or transdermal therapy. Bone mineral density should be monitored every 1 to 2 years.
7,8 ■ CLINICAL BENEFITS OF TRT
There are promising data regarding the clinical benefits of TRT in patients with metabolic syndrome and type 2 diabetes mellitus. A recent meta-analysis investigating the effect of TRT on metabolic syndrome revealed an improvement in fasting plasma glucose, homeostatic model assessment index, triglycerides, treadmill duration, high-density lipoprotein cholesterol, and waist circumference. 40, 41 TRT also decreased insulin resistance and improved glycemic control in type 2 diabetic hypogonadal men. 42 Results from a randomized controlled trial comparing 12 weeks of intramuscular testosterone treatment vs placebo in men with metabolic syndrome revealed an improvement in mean waist circumference from 108 cm ± 8 cm to 105.5 cm ± 7.7 cm. Sixty percent of men initially diagnosed with metabolic syndrome and treated with testosterone no longer met diagnostic criteria for metabolic syndrome according to the National Cholesterol Education Program-Third Adult Treatment Panel (NCEP-ATP III) and the International Diabetes Federation (IDF) guidelines. 43 Depression has also been associated with low testosterone, with free testosterone levels below 170 pmol/L associated with frank depressive symptoms and levels below 220 pmol/L predictive of future onset of depressive symptoms. 15 Testosterone replacement therapy has been shown to improve depressive symptoms in hypogonadal men. 16, 17 Shores et al 16 conducted a randomized placebo-controlled study of testosterone replacement in men older than 50 years with dysthymia or minor depression. Men treated with testosterone gel for 12 weeks showed an improvement of baseline total testosterone levels from 291 ng/dL to 449 ng/dL. Men treated with testosterone also had a 53% rate of depression remission compared with 19% in the placebo group. 16 The evidence supporting improved sexual function with TRT is variable. Some studies indicate limited or transient improvement of sexual function after TRT in men with erectile dysfunction, 18, 19 while others report an improvement in sexual function after 3 months of TRT. 44 Because of the multifactorial nature of erectile dysfunction, men with erectile dysfunction and ADAM may require TRT and a phosphodiesterase type 5 (PDE5) inhibitor, as TRT alone may be insufficient. In a prospective observational study of men with erectile dysfunction and an initial testosterone lower than 300 ng/dL, testosterone gel was administered for at least 1 year, and improvement in sexual function was seen. Results revealed a correlation between improvement in sexual function and concurrent therapy with a PDE5 inhibitor. 45 In a recent multicenter placebo-controlled study of PDE5 inhibitor nonresponders, the addition of a testosterone gel to tadalafil (Cialis) improved sexual function, again suggesting a synergistic effect when treating erectile dysfunction with both TRT and a PDE5 inhibitor. 46 There appears to be higher mortality with low testosterone levels, but causality has not been proved 
■ ADVERSE EVENTS RELATED TO TRT
Despite the aforementioned benefits, it must be emphasized that TRT should be used for specific target symptoms related to hypogonadism in older men and that the general health benefits and safety of TRT in an asymptomatic man with a low measured testosterone alone remains unproven.
Cardiovascular events. In a recent study of 209 elderly men with low testosterone and limited mobility associated with other chronic illnesses, 6 months of TRT resulted in the development of cardiovascular-related adverse events in 23 patients compared with 5 men in the placebo group. 47 This may have been related to how adverse events were reported, with cumulative adverse events reviewed every 6 months, ranging from peripheral edema, hypertension, arrhythmias, and electrocardiographic changes. Serious adverse events were reviewed as they occurred, including stroke and acute myocardial events.
Other studies 41, 43 have revealed a favorable effect of TRT on cardiovascular disease and its surrogate markers but have lacked detailed reports and close monitoring of adverse events. Thus, variation of outcome measurement and reporting may obfuscate the detection of adverse cardiovascular events. Outcomes may also depend on the testosterone formulation and the target serum concentration. 43 Larger, long-term placebo-controlled trials are needed to elucidate cardiovascular risk as a primary outcome in older androgen-deficient men undergoing TRT.
Other adverse effects related to TRT include erythrocytosis, seen in 3% to 18% of patients with transdermal administration, 48, 49 and up to 44% of patients undergoing IM therapy. 48 Gynecomastia can occur and is more likely to resolve after treatment cessation of transdermal testosterone treatment than IM injections. 48 Other potential clinical side effects that should prompt dose-reduction or discontinuation are irritability, bothersome acne, fluid retention, testicular atrophy, worsening of lower urinary tract symptoms from an enlarged prostate, and new or worsening heart failure. Infrequently, obstructive sleep apnea may be worsened by TRT, although currently the data linking sleep apnea and TRT are limited. 50 
■ TRT AND PROSTATE CANCER
The relationship between prostate cancer growth and testosterone is well established, with androgen ablation remaining the cornerstone of treatment for metastatic disease. Since androgen deprivation leads to the regression of prostate cancer, there has been concern that TRT may lead to growth or de novo development of prostate cancer. TRT has thus been strongly prohibited in patients with prostate cancer. 7 However, recent data challenge this paradigm.
In a retrospective study of 81 men (mean age 56.8 years) treated with TRT, only 4 men (4.9%) developed prostate cancer over a 5-year period. 51 This is less than the estimated 16.7% probability of developing prostate cancer in the general US population. 52 Recent accumulating data support the concept of testosterone reaching a saturation level when binding androgen receptors within the prostate at extremely low levels. Increases above this level with TRT as with ADAM do not increase the risk of development or progression of prostate cancer. 53 In addition, large doses of dihydrotestosterone do not seem to alter PSA, prostate volume, or International Prostate Symptom Score. 54 These findings may have implications in future androgen therapies in hypogonadal older men.
Pathologic studies suggest low testosterone is associated with a higher Gleason grade of prostate cancer, 55 although this association remains unconfirmed. 56 In men with erectile dysfunction after prostate cancer treatment, TRT appears safe after brachytherapy 57 or radical prostatectomy. 58 A small study of 15 hypogonadal men with castrate-resistant prostate cancer and minimal or no metastatic disease showed only 1 patient had symptomatic progression. 59 Moreover, a recent small study of 13 men with known prostate cancer on active surveillance showed that TRT did not lead to local progression or metastatic disease in any of the patients. 60 While these data are provocative, it should still be emphasized that the standard of care for prostate cancer screening should be followed in age-appropriate men with ADAM. In addition, hypogonadal men with prostate cancer should only be treated with testoster- There has been a dramatic increase in TRT initiation for nonspecific symptoms of low testosterone in older androgen-deficient men. With this increase in initiation of TRT, there is a significant risk of overtreating. While there are many encouraging associations between treatment of androgen deficiency and improvement in rates of of morbidity and mortality, much remains unknown about the overall long-term risks and benefits of TRT. It is important to emphasize that TRT should not replace healthy lifestyle changes including regular exercise, weight loss, and diet modifications, which may provide the patient symptom resolution. Thoughtful dialogue with the patient is critical prior to TRT initiation, including thorough disclosure of the risks and benefits of treatment, and the limitations of the data as it evolves. ■
